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Abstract 
This paper analyzes the heat transfer performance of a new style of building envelopes integrated with close-contact parallel solar 
vacuum tubes (which is called integrated solar envelope later in this paper). The heat transfer performance of the integrated solar 
envelope was researched by numerical simulation and experimental testing. The heat losses were tested and simulated when the 
two sides of the integrated solar envelope were imposed different temperature at various conditions. The average heat transfer 
coefficient of the integrated solar envelope is 2.4 W/(m2∙K) with the insulation materials filled in the gaps behind. The simulation 
results agree with the experimental testing results well. The result shows the integrated solar envelope has good thermal 
insulation performance, it can be used to reduce building heat loss while it is used to collect solar energy. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The integration of building with solar collectors to reduce building energy consumption has become an important 
research field. Lots of studies and developments have been done for building integrated with solar energy systems 
and great achievements have obtained in recent decades. A patent described the arranged vacuum glass tubes tightly 
as the heat insulation material [1]. Bergmann [2] and Kovacs et al. [3] proposed the style of solar collectors 
combined with building facades. Roof integrated solar heating system with glazed collector was researched [4]. J. 
Luis [5] designed a roof-integrated water solar collector.  
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In this paper, a new style of building envelopes integrated with close-contact parallel solar vacuum tubes is put 
forward and researched. It uses close-contact parallel solar vacuum tubes as the thermal insulation layer of building 
envelopes. This design was recently patented [6]. 
2. Description of the integrated solar envelopes 
The building envelope integrated with close-contact parallel solar vacuum tubes is shown in Fig. 1 (it is name 
integrated solar envelope later in this paper). The integrated solar envelope consists of solar vacuum tubes, 
polystyrene foam and plywood. The vacuum tube is made of borosilicate glass 3.3, 58mm diameter, 1.5m length. 
Solar vacuum tubes are arranged tightly in parallel without gaps between and the gaps behind the tubes were filled 
with polystyrene foam. The polystyrene foam closely sticks on the plywood. The integrated solar envelopes act as 
insulation layer when it is used to collect solar energy to heat room air or fresh air. 
 
 
Fig. 1. The schematic of the integrated solar envelopes. 
3. Numerical simulation 
3.1. Model and methods for simulation 
A numerical model of the integrated solar envelopes has been developed using ANSYS. In order to simplify the 
thermal analysis, the main assumptions and considerations are adopted as follows. 
x The thickness of inner glass tube and outer glass tube is ignored. 
x There is no conduction and convection heat transfer in the vacuum space. 
x Solar vacuum tubes are close together and no gap between. The heat transfer between solar vacuum tubes is 
ignored. 
x The model is simplified to two-dimensional. 
5mm thick plywoodsolar vacuum tube polystyrene foam
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Fig. 2. Cross-section of the integrated solar envelopes. 
For simplicity, a two dimensional geometry with a symmetry plane is created (Fig. 2). The ambient temperature is 
setting at 18oC. As boundary condition, the convective heat transfer coefficient from the outer surface of vacuum 
tube to the ambient is 8.7 W/(m2∙K), a constant heat flow is exerted on the back surface of plywood (29 W/m2, 45.2 
W/m2 and 74.4 W/m2  respectively). The position of temperature sensors has been marked in Fig. 2. Point w1 locates 
in the top of the groove of polystyrene foam. Point w2 locates in the bottom of the groove of polystyrene foam. 
Points n1 and n2 on the back of plywood have the same x coordinate as points w1 and w2 respectively. The main 
geometrical and physical parameters of the integrated solar envelopes are listed in Table 1. 
Table 1. The main geometrical and physical parameters of the integrated solar envelopes. 
Material 
Thickness 
G (r)(mm) O  [W/(m∙K)] U (kg/m3) 
Specific Heat  
C [kJ/(kg∙K)] 
Polystyrene Foam - 0.042 22 1.38 
Plywood 5 0.17 600 2.51 
Glass Tube 1.6 1.2 2230 0.9 
The parameters of solar vacuum tubes 
Parameters value 
Absorption of inner glass tube 0.93 
Material of glass Borosilicate glass 3.3 
Transmission of outer glass tube 0.91 
Emissivity of outer glass tube 0.88 
Emissivity of inner glass tube 0.06 
Diameter of outer glass tube 58mm 
Diameter of inner glass tube 47mm 
Thickness of glass tube 1.6mm 
 
Inner glass tube
Polystyrene foam
Plywood
Outer glass tube
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3.2. Numerical simulation results by ANSYS 
As boundary condition, the value of heat flow was set 29W/m2. The simulation process stops until the model 
temperature achieves stable state. The temperature field is shown in Fig. 3(a). The temperatures profiles of the 
monitored points were drawn, shown in Fig. 3(b). The temperature reaches steady state after 13 hours later. In 
steady state, the temperature of point n2 is 28oC. The temperature of point w1 is 21 oC. The heat conductivity of the 
integrated configuration is 2.26 W/(m2∙K). 
a 
 
b 
 
 
Fig. 3. (a) temperature distributions at 29 W/m2 heat flow; (b) temperatures profiles at 29 W/m2 heat flow. 
Under the same condition, the simulation results were listed in Table 2, at different heat flow input (45.2 W/m2, 
74.4 W/m2). 
Table 2. Simulation results. 
Heat flow 
(W/m2) 
Temperature 
n1˄oC˅ 
Temperature 
w1˄oC˅ 
Temperature 
n2˄oC˅ 
Temperature 
w2˄oC˅ 
Stable time
˄h˅ 
Heat transfer coefficient 
K[W/(m2.k)] 
29 36 36.8 27.6 21.1 13 2.26 
45.2 46.5 47.1 33 22.9 14 2.26 
74.4 64.9 65.9 42.7 26.1 15 2.26 
 
4. Experiment 
4.1. Experimental testing system 
An experimental device is established to test the heat transfer performance of the integrated solar envelopes, 
which is shown in Fig.4. Fig. 4(a) is the photograph of the experimental device. Fig. 4(b) illustrates the schematic of 
the experimental system. An electric heater was placed in the temperature-controlled chamber. Constant heat flow 
generated by electric heater was exerted on the back surface of plywood. The temperature sensors were arranged on 
the experimental device, the position of sensors has been marked in Fig. 4(b). Agilent 34970A which is used for 
recording the temperature, PC-2A is used to measure the solar radiation, JTNT-A is used for recording heat flow. 
Ten solar tubes were used in this device, its length is 1.4m. The specifications are same as that listed in Table 1. 
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b 
 
Fig. 4. (a) photograph of the integrated solar envelope; (b) schematic of the experiemtnal system. 
4.2. Experimental results 
Heat flow 29W/m2 was applied on the back surface of plywood through adjusting the power of electric heater. As 
shown in Fig. 5, the temperatures profiles of the monitored points were drawn. In steady state, in the temperature 
controlled chamber the temperature can reach 35 oC. The value of heat conductivity of integrated configuration is 
2.32 W/(m2∙K), and the value is 2.26 W/(m2∙K)by ANSYS, the difference is 2.6%. 
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Fig. 5. Temperatures variation curves of special points at 29 W/m2 heat flow. 
We applied different heat flow on the back of plywood through adjusting the power of electric heater. Table.4 
lists the results at different heat flow conditions, including 45.2 W/m2 and 74.4 W/m2. 
Table 3. Experimental results. 
Heat flow 
(W/m2) 
Temperature 
n1˄oC˅ 
Temperature 
w1˄oC˅ 
Temperature 
n2˄oC˅ 
Temperature 
w2˄oC˅ 
Stable time
˄h˅ 
Heat transfer coefficient 
K[W/(m2.k)] 
29 34 33 24 22 16 2.32 
45.2 45.6 44 36 32 16 2.47 
74.4 62.43 58.64 44.2 38.7 16 2.56 
 
Table 3 illustrates the heat transfer performance for the same method at various heat flow input. The results 
indicate that higher heat flow generates higher heat transfer coefficient K. Through analysis, we can find higher heat 
flow result in higher temperature in temperature controlled chamber, larger heat loss from chamber envelops rather 
than the integrated solar envelope to ambient, which is not included in the numerical simulation. This reason results 
in the value of heat transfer coefficient by experiment higher than the value by numerical simulation after comparing 
Table 2 with Table 3. 
5. Conclusions 
A new style of building envelopes integrated with close-contact parallel solar vacuum tubes is presented. The 
heat transfer coefficient of the integrated solar envelopes is 2.26 W/(m2∙K) by numerical simulation, the value of 
that is 2.45 W/(m2∙K) by experiment, the diffident is 8.4% . So the simulation results agree with the experimental 
testing results well. The result shows the integrated solar envelope has good thermal insulation performance, the 
average heat transfer coefficient of that is 2.4 W/(m2∙K), it can be used to reduce building heat loss while it is used 
to collect solar energy. 
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